A blind survey for H I bright galaxies in the southern Zone of Avoidance, (212 • ≤ ℓ ≤ 36 • , |b| ≤ 5 • ), has been made with the 21 cm multibeam receiver on the Parkes 64 m radiotelescope. The survey, sensitive to normal spiral galaxies to a distance of ∼ 40 Mpc and more nearby dwarfs, detected 110 galaxies. Of these, 67 have no counterparts cataloged in the NASA/IPAC Extragalactic Database. In general, the uncataloged galaxies lie behind thicker obscuration than do the cataloged objects. All of the newly-discovered galaxies have H I flux integrals more than an order of magnitude lower than the Circinus galaxy. The survey recovers the Puppis cluster and foreground group (Kraan-Korteweg & Huchtmeier 1992) , and the Local Void remains empty. The H I mass function derived for the sample is satisfactorily fit by a Schechter function with parameters α = 1.51 ± 0.12, Φ * = 0.006 ± 0.003, and log M * = 9.7 ± 0.10.
Introduction
The obscuration due to dust and the high stellar density in our Galaxy varies from place to place within the Milky Way. Overall, it blocks our optical view of the extragalactic Universe over ∼20% of the sky, somewhat less in the infrared. This "Zone of Avoidance" (ZOA) was recognized even before the nature of the spiral nebulae themselves was understood. This sky coverage limitation does not pose a problem for the study of galaxies themselves, as there is no reason to believe that the population of obscured galaxies should differ from those in optically predicted position of the core of the Great Attractor (Kolatt, Dekel, & Lahav 1995) .
In § 2, the observations and data reduction will be described. The search method and galaxy H I parametrization procedure will be outlined in § 3. The resulting catalog is presented in § 4. Discussion of the galaxy distribution at low Galactic latitudes, the H I mass function derived for the sample, and predictions for the full sensitivity survey are contained in § 5.
Observations and Data Reduction
The observations for the survey commenced on 1997 March 22 and were made by scanning the Parkes multibeam receiver in strips of constant Galactic latitude, each of length 8 • . The Parkes receiver has 13 independent beams, each with two orthogonal linear polarizations. The receiver rotation was fixed (with respect to the telescope which has an alt-az mount) during each scan such that the rotation angle of the receiver, relative to the scan direction, was 15 • at the mid-point of the scan. This meant that the beams rotated on the sky during each scan. Nevertheless, there was sufficient overlap to obtain complete sampling of the entire southern Plane, with approximately uniform sensitivity (see Staveley-Smith 1997) . The absence of continuous receiver rotation and axial focussing helped ensure maximum baseline stability. The telescope scan rate was 1 degree/min, so each scan took 8 min to complete. The observations were done in parallel with the H I Parkes All Sky Survey (HIPASS) and a deeper ZOA survey (see http://www.atnf.csiro.au/research/multibeam/ for current information regarding these surveys). Most observations for the shallow survey were completed by 1997 September 4, although some regions were re-scanned as recently as 1999 August 28, because of earlier pointing problems in a few fields.
The footprint of the multibeam receiver on the sky is ∼ 1.7 • , so that each scan maps out an 8 • × ∼ 1.7 • strip of longitude. To obtain full coverage of the southern ZOA, 34 scans were made between Galactic latitudes −5 • and +5 • at each of 23 separate central longitudes from 216 • to 32 • . The observing parameters and the area mapped is summarized in Table 1 . In total 782 scans, or ∼ 104 hrs of data, were obtained for the 1840 deg 2 comprising the survey region. This corresponds to an integration time, when integrated over all 13 beams, of 200 s beam −1 , where the beam size, after gridding, has been taken to be 15. ′ 5. (The full-sensitivity southern ZOA survey will comprise 425 scans at each longitude, or approximately 1300 hrs of integration time).
The average system temperature of the multibeam receiver during the observations was ∼ 25 K. The average rms noise after Hanning smoothing and away from strong continuum and line sources was 15 mJy beam −1 . The velocity range of the observations was −1200 to 12700 km s −1 . The channel spacing was 13.2 km s −1 and the resolution, after Hanning smoothing, was 27.0 km s −1 .
The spectral data were bandpass-corrected, smoothed and Doppler-corrected using aips++ LiveData (Barnes 1998) . For each beam and polarization, a template bandpass was calculated by taking the median of the surrounding data with ∆ℓ = ±2 • and ∆t = ±120 s. The spectral data were then gridded into 23 cubes, each of size 10 • in longitude by 8 • in latitude with a pixel size of 4 ′ . Each output pixel consists of the median of approximately 30 independent (5 s) spectra which lie within a radius of 6 ′ of the center of the pixel. The use of the median statistic successfully removes the effect of outlyers, so that interference and bad data were rejected with good efficiency without manual editing of all spectra (which number about 2 × 10 6 for the shallow survey). For more details, see Barnes et al. (2000) .
Search Method and Profile Parametrization
The cubes were Hanning smoothed, and each of the 23 smoothed data cubes was searched by eye using the visualization tool karma kview (Gooch 1995) . (Experiments with automatic galaxy detection algorithms have failed to date in the complicated ZOA, mainly due to baseline instabilities resulting from the presence of strong Galactic continuum sources. The eye/brain system is still far more effective for finding the H I signals). First, Right Ascension -velocity planes were examined, and candidates noted. The selection criterion was a minimum peak flux density of ∼ 75 mJy (5σ), with emission extended over two or more channels, or a minimum flux integral of ∼ 4 Jy km s −1 . The candidates were then checked at the corresponding positions in Right Ascension -declination planes. Candidates which were created by interference or increased noise at the edges of fields were culled. Finally, the one-dimensional profile, flux density versus velocity, was created for each source, and its shape was checked for good sense, since H I galaxies tend to have 2-horned, flat-topped, or Gaussian profiles.
To measure central positions and flux integrals, a zeroth moment map was first made by integrating the cubes in the full velocity range occupied by each galaxy. For most galaxies, which were unresolved, a Gaussian with the same FWHP diameter as the gridded telescope beam (15. ′ 5) and a DC offset were simultaneously fitted to each zeroth moment map. Five galaxies were found to be significantly extended, and were fitted with Gaussians of arbitrary width. The positional accuracy is 2 ′ -3 ′ , depending on the S/N ratio, and the flux integral uncertainty is ∼ 20%.
Using the best-fit position, spectra were then extracted from the cubes using the miriad task mbspect (Sault, Teuben, & Wright 1995) . For the unresolved galaxies, this spectrum is a weighted average, with the weight dependent on the distance of each pixel from the fitted position. For resolved galaxies, the spectrum is spatially integrated across the galaxy. Velocity widths were then measured at the 20% and 50% levels (W 20 and W 50 ), relative to the peak signal, using a width-maximizing algorithm (Lewis 1983) . In order to correct for the relatively coarse velocity resolution (27 km s −1 ) of the Hanning-smoothed spectra, downward corrections of 21 km s −1 and 14 km s −1 were applied to W 20 and W 50 , respectively. A central velocity was also measured from the 50% values. All velocities quoted are in the optical (cz) convention.
The Catalog
The shallow survey detected 110 galaxies, whose H I parameters are listed in Table 2 , and whose profiles are shown in Figure 1 . In Table 2 , columns contain the following information:
Column 1a: Source name; Column 1b: Indicates if the galaxy has an optical or IR counterpart within 6 arcmin listed in the NASA/IPAC Extragalactic Database (NED). If the entry is followed by a colon, there is no redshift given in NED for the object, or, for IRAS 13413-6525 (HIZSS 083) and ESO 223-G012 (HIZSS 095), the HI redshift is just outside of the uncertainty indicated in NED; Column 5: Heliocentric velocity (cz), the midpoint at 50% of the profile's peak flux density;
Columns 6 & 7: Velocity width at 50% of peak, and at 20% of peak flux density; Column 8: Distance to the galaxy correcting the velocity to the Local Group frame, and taking H 0 to be 75 km s −1 Mpc −1 ; Column 9: Logarithm of the H I mass; Column 10: Foreground extinction A B estimated from the IRAS/DIRBE maps of Schlegel, Finkbeiner, & Davis (1998) .
Completeness and Reliability
Of these 110 galaxies, 29 have optical counterparts listed in NED with matching redshifts. Two more have counterparts in NED with redshifts just outside the quoted accuracy. A further 12 have a cataloged galaxy within 6 arcmin of the HI position, but with no redshift information. The extinction at the positions of each galaxy was estimated from the DIRBE/IRAS maps of Schlegel, Finkbeiner, & Davis (1998) . Note that these maps are not calibrated this close to the Galactic plane, so extinction measurements are somewhat uncertain. However, as expected, the extinction is measured to be higher at the positions of the uncataloged galaxies: the median A B for the cataloged galaxies is 2.9 mag, versus 5.7 at the positions of the uncataloged objects.
An intermediate-depth survey conducted with the multibeam system in a similar way, but with four scans compared to the two discussed here, of the region 308 • ≤ ℓ ≤ 332 • ; |b| ≤ 5 • , detected 42 galaxies . The intermediate-depth cubes and the shallow survey cubes were searched independently. All 24 of the shallow survey galaxies in this longitude range were recovered by Juraszek et al. , as they should have been, owing to their √ 2 improved HIZSS 016, 017, 021, 025, 026, 030, 046, 076, 077, 078, 086, 094 , and 102 are due to Galactic H I and narrowband interference, respectively.
sensitivity. Of the 18 other galaxies found by this deeper survey, 14 fell well below the selection criteria of the shallow survey. There were four, however, which Juraszek et al. determined to have peak fluxes just at or above the shallow survey flux density cutoff (J1414-62, J1417-55, J1526-51, and J1612-56; cf. Fig 2. in Juraszek et al. ) . Two of these, J1414-62 and J1612-56, were noted as possible detections in the course of examining the shallow survey cubes, but it was felt they were not quite secure enough for inclusion in the present catalog, the philosophy being that false detections are extremely undesirable. The other two objects were missed. One, J1417-55, while determined to be a broad-profiled galaxy in the intermediate-depth survey, was not recognized as a galaxy by the present work, since only one horn of the profile exceeds 75 mJy, and so appears as a random spike, too narrow for inclusion in this sample. The other, J1526-51, peaks above 100 mJy in the intermediate-depth survey, but has a linewidth of only W 50 = 21 km s −1 , and did not satisfy the condition of appearing in at least two channels. Thus the stated selection criteria of the shallow survey are consistent with the results of the intermediate-depth survey in this region.
As a check on the accuracy of the measured parameters, the 21-cm properties of HIZSS 005 ( (Garcia et al. 1994 , Huchtmeier & Richter 1986 , Kraan-Korteweg & Huchtmeier 1992 , Staveley-Smith & Davies 1987 , 1988 , Takata et al. 1994 , and Theureau et al. 1998 . There is excellent agreement amongst measurements of V hel , W 20 , and W 50 , typically within a few km s −1 and only rarely differing by more than the velocity resolution. There is more significant scatter amongst H I flux integral measurements, reflecting the measurement uncertainty of the shallow survey (∼ 20%) and in literature values. The HIZSS flux integrals are neither systematically higher nor lower than previously published values. The shallow survey's rms noise of 15 mJy is equivalent to a 5σ HI mass detection limit of 4 × 10 6 d 2 Mpc M ⊙ (for a galaxy with the typical linewidth of 200 km s −1 ). Thus, the sensitivity to normal spirals falls rapidly beyond about 40 Mpc, and the survey is not well suited to discuss large-scale structure behind the southern Milky Way beyond a few tens of Mpc. The full survey will be sensitive to spirals to a much larger redshift, ∼10,000 km s −1 , and will be able to address issues such as the Great Attractor, predicted to lie at (l, b, v) ∼ (320 • , 0 • , 4500 km s −1 ) (Kolatt, Dekel, & Lahav 1995) , and other features which may lie hidden (see Kraan-Korteweg & Woudt 1999 for a review of these structures, and Kraan-Korteweg & Juraszek 2000 for preliminary analysis of multibeam full-sensitivity survey detections in the Great Attractor region). However, the shallow survey does now complete the census of nearby, HI bright galaxies which lie at redshifts away from Galactic HI. Sixteen of the 110 galaxies lie at redshifts less than 1000 km s −1 and are, therefore, fairly nearby. However, all of the shallow survey galaxies have HI flux integrals an order of magnitude or more below that of the Circinus galaxy, a nearby, massive, low-Galactic latitude galaxy, which is cataloged here as HIZSS 086. One can estimate the dynamical importance of each hidden galaxy without knowledge of its inclination or precise distance by realizing that if the galaxies in the catalog have similar M HI / M total , the gravitational force on the Milky Way due to one of these galaxies is proportional to its HI flux integral. The closest rival in the catalog to Circinus is ESO 494-G026 (Lauberts 1982) , listed here as HIZSS 032. It has only about 10% of Circinus's HI flux. (Dynamical analysis of this object to estimate its total mass will be conducted using HI synthesis data obtained with the VLA). All of the newly discovered galaxies have even lower HI flux integrals. No single, previously unknown, dynamically important HI galaxy was found. Five of the 110 galaxies are extended objects at the multibeam resolution, and of these, three were previously cataloged: Circinus, ESO 494-G026, and IRAS 15109-5248. 21-cm follow-up synthesis mapping has been done for IRAS 15109-5248 and the two uncataloged, extended objects, HIZSS 097 and HIZSS 102 by Staveley-Smith et al. (1998) . Rotation curve analysis indicates the IRAS galaxy is a massive disk system, estimated M tot = 6 × 10 11 M ⊙ . The other two are moderate to low mass systems, which under the higher resolution scrutiny of the synthesis observations (synthesized beam FWHM ∼ 2.2 -4.5 arcmin) were seen to break up into apparently interacting systems of low H I column density. H I synthesis observations of all of the shallow survey detections using the Australia Telescope Compact Array and the NRAO Very Large Array have been completed or are planned. Identifications on the currently available strips of the southern sky NIR survey DENIS (DEep NIR southern sky Survey; Epchtein 1997) show that many of the shallow survey sources are visible on the NIR images (Schröder, Kraan-Korteweg, & Mamon 1999; Schröder et al. in prep.) . Figure 2 shows the distribution on the sky of the shallow survey detections, and galaxies from the literature within a redshift of 4000 km s −1 . The shallow survey now fills in the southern ZOA within about 40 Mpc for the first time, with minimal dependence of detection-rate on Galactic latitude (Fig. 3) . The Local Void is clearly evident in the distribution of both the optically-cataloged objects, and the shallow survey detections. It is also apparent in Figure 4 , the longitude-velocity distribution of the HI detected objects. The three shallow survey objects on the border of the Local Void at l ∼ 30 • all have redshifts ∼ 1500 km s −1 , consistent with their being members of the group proposed by Roman et al. (1998) . Two of these galaxies lie within the survey boundary of the Dwingeloo Obscured Galaxies Survey, and were also detected by this survey (Rivers, Henning, & Kraan-Korteweg 1999) .
Large-Scale Structure in the Shallow Survey
The most obvious overdensity of the low latitude galaxies apparent in Figure 2 occurs at l ∼ 245 • . Figure 4 reveals the overdensity is caused by two groupings of galaxies, at (l, v) ∼ (245 • , 800 km s −1 ) and (l, v) ∼ (245 • , 1500 km s −1 ). The latter corresponds to the location of the moderately obscured, nearby cluster in Puppis (l, b, v) ∼ (245 • , 0 • , 1500 km s −1 ) (Kraan-Korteweg & Huchtmeier 1992 ). This overdensity of galaxies was deduced by Scharf et al. (1992) through a spherical harmonic analysis of IRAS galaxies. The nearer group was also recovered by Kraan-Korteweg & Huchtmeier (1992) . There is no evidence of any other nearby, unrecognized clusters of galaxies in the survey region. Except near the Galactic center where continuum emission decreased the sensitivity of the survey somewhat, the survey was uniformly sensitive to spirals with M HI = 2 × 10 9 M ⊙ at 1500 km s −1 (H 0 = 75 km s −1 Mpc −1 ) across the entire southern ZOA, so any hidden overdensities within this redshift range should have been easily detected.
Structures at v ∼ 4000 km s −1 are not well probed by this survey, however we can see the relative overdensity of galaxies toward the general Great Attractor region, and galaxy underdensity behind the Puppis cluster, broadly consistent with the theoretical mass density reconstructions of Kolatt, Dekel, & Lahav (1995) and Webster, Lahav, & Fisher (1997) . The deep survey should definitively confirm or refute the predictions of these and other mass density reconstructions in the ZOA.
H I Mass Function
To determine the number density of galaxies as a function of H I mass (the H I mass function), the sensitivity of the survey must be carefully determined to be able to apply appropriate volume corrections. Near strong continuum sources, galaxies which would otherwise be detected are hidden in the increased noise. Over the search area, 212 • ≤ ℓ ≤ 36 • , |b| ≤ 5 • , 7.7% of the data were disturbed by strong continuum emission, and had rms noise fluctuations a factor of three or more above the quoted sensitivity of 15 mJy. In the volume correction calculations, we take the -Distribution on the sky of cataloged galaxies from the LEDA database within 4000 km s −1 (small dots) and shallow survey detections (larger dots). The shallow survey search area is delineated by the dashed rectangle. survey area to be 92.3% of the area covered by the telescope.
The galaxy selection function for the shallow survey is not based simply on peak flux, but is determined empirically to involve both total flux and linewidth in the following way: S dv × W −0.7 50 > 0.3. Schneider, Spitzak, & Rosenberg (1998) find a very similar functional form for the completeness limit of two previous blind 21-cm surveys done at Arecibo, S dv × W −0.75 50 . With this description, the maximum volume in which each galaxy could be detected is calculated. The average value of V / V max = 0.58, is quite close to the theoretical value of 1/2 for a correctly determined completeness. The resulting number density of H I masses with each galaxy weighted by the inverse of its maximum detectable volume is shown in Figure 5 . This H I mass function is well fit by a Schechter function (Schechter 1976 ) with parameters α = 1.51 ± 0.12, Φ * = 0.006 ± 0.003, and log M * = 9.7 ± 0.10. Note that the Schechter function was not used as an a priori assumption of the shape of the H I mass function. The low-mass slope is significantly steeper than the α = 1.20 suggested by Zwaan et al. (1997) . The densities at the lowest mass bins are consistent with the higher densities found by Schneider, Spitzak, & Rosenberg (1998) . The main difficulty remains small number statistics, with the three lowest mass bins of Figure 5 containing a total of six galaxies. With the increased search volume of the HIPASS and full sensitivity ZOA surveys, the statistical robustness of the mass function parametrization will be improved.
Predictions for the Full Sensitivity Survey
We now estimate how many galaxies should be uncovered by the full sensitivity ZOA survey, to be completed in the year 2000. The deep survey will consist of 435 scans at each longitude, compared with the 34 of the shallow survey. This factor of 12.5 increase in integration time will lead to a √ 12.5 = 3.5 improvement in sensitivity. For a galaxy of a given M HI and velocity linewidth, the distance to which it could be detected will increase by a factor of √ 3.5. Thus, the volume increase of the deep survey over the shallow survey is about a factor of 6.5, leading to a rough estimate of 6.5 × 110 ≈ 700 galaxies to be detected by the deep survey. Indeed, a portion of the deep survey is completed, and the four data cubes in the region of the supposed Great Attractor have been inspected, and about 300 galaxy candidates noted (S. Juraszek, private communication) . Extrapolation over the full spatial extent of the survey leads to an estimate of about 1700 galaxies. However, this region of space contains a significant overdensity of galaxies, and much of the final survey volume will contain the Local Void, so the total tally may be closer to 1000 galaxies.
Efforts are underway to develop software tools which model and remove strong continuum sources from the data, which should decrease the effective noise even further, increasing the survey sensitivity and the number of detected objects. Fig. 5 .-H I mass function determined from the shallow survey detections. The errorbars on the points are determined by counting statistics. The function is satisfactorily fit by a Schechter function with α = 1.51 ± 0.12, Φ * = 0.006 ± 0.003, and log M * = 9.7 ± 0.10, shown by the solid curve. The dashed curve shows an H I mass function derived by Zwaan et al. (1997) for a smaller H I -selected sample of galaxies.
